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The Relationship of TEPP and Photoperiod to
Flowering and Fruiting in Tomato
By

wAYNE c.

HALL

The organic phosphorus compounds hexaethyl tetraphosphate
(HETP) and tetraethyl pyrophosphate (TEPP) are the active
components of certain commercial insecticide formulations and have
been shown to be. toxic, at relatively low concentrations, to a rather
wide array of organisms (Hall, 1950; Hall and Jacobson, 1948a:
Hall, 1951; Harris, 1947; Mcilrath, 1950; Smith et. al., 1948a and
l 948b). From their work on the chemical and insecticidal properties of these compounds, Hall and Jacobson (1948a, 1948b) concluded that the so-called HETP is not a specific compound but
actually a mixture of esters owing its biological potency to the
TEPP that it contains. However, in a later publication, Hall ( 1950)
implied that HETP contained other undertermined substances toxic
to insects in addition to TEPP. After studying the hormone-like effects of these compounds upon plants both Mcilrath (1950) and
Hall (1950, 1951) suggested that degradation products of HETP and
TEPP might also be one of the possible factors instrumental in eliciting the formative responses noted.
Several workers have re.ported beneficial effects upon the flowering of greenhouse ornamentals following the use of these compounds. Smith et. al. (1948a, 1948b) observed that roses displayed
a marked increase of vigor and flowering following the application
of HETP. Their data showed that in treated plants the average stem
length of cut roses increased 3 to 6 inches and flower production
from 10 to 30 percent compared to the. untreated checks. This
greatly improved growth of roses following the efficient control of
spider mites by HETP aerosols was so striking that these workers
suggested a stimulatory action beyond the. mere elimination of insect 1111ury. Previous work by the author (1950, 1951) revealed
that HETP and TEPP inhibited as well as stimulated flowering in
carnation and tomato, depending mainly upon the concentration employed. The results with TEPP on tomato (Hall, 1951) indicated
that days to flowering was shortened by concentrations at and below
400 ppm whereas time to open flowers was increased by concentration above 800 ppm. The difference in the. number of flowers produced by tomato was not considered to be significant, however, in
this study. The author has also called attention previously to the
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seasonal variability of TEPP in that the same concentration often
resulted in varying degrees of response if applied at different times
of the year. This has also been observed by others (Smith et. al.,
1948a; Mcilrath, 1950). Smith et. al. (1948a) noted that the
most severe injuries from HETP resulted during the months of No·
vember and December. This was confirmed by Mcilrath (1950)
who observed that the most severe leaf malformations in cotton appeared during the winter months when the plants were growing
under relatively low light intensities and temperatures.
The present investigation was undertaken to determine in greater
detail the effects of TEPP spray on the flowering and fruiting responses of tomato when grown under contrasting daylengths and to
determine the relationship, if any, of the photoperiodic factor to the
"seasonal" effect.
MATERIALS AND METHODS

Certified seeds of tomato, Lycopersicon escul,entum Mill., var.
Marglobe, were germinated in vermiculite under greenhouse con,
ditions. After germination on August 24, the seedlings were transplanted to 8-inch clay pots containing a fertile soil-compost mixture in which they were grown to maturity. On September 20,
36 of the most vigorous plants were selected for uniformity of size,
divided into two experimental groups of 18 plants each, and grown
until the termination of the experiment in diurnal photoperiods or
8 and 14 hours. The short day plants received normal daylight from
9 A.M. until 5P.M., after which they were enclosed in a light-proof,
ventilated chamber in the greenhouse until the following morning.
The long day plants received normal daylight plus artificial light
from incandescent lamps as necessary to extend the light cycle to
14 hours.
At the appearance of the first macroscopic flower-buds on October 7, six plants in each photoperiod were sprayed with 300 ppm
and six plants with 500 ppm aqueous TEPP, respectively, while the
remaining six plants in each day-length were retained as unsprayed
controls. A commercial wetting agent, Nonie 218, was added to the
sprays to facilitate uptake of the spray which was applied with 'l
hand atomizer sprayer to runoff. The concentrations of 300 and
500 ppm were selected because the earlier work with tomato (Hall,
1951) showed that 300 ppm gave approximately optimum stimulation of flowering, whereas 500 ppm gave the maximum stimulation
if not slight inhibition of flowering.
Flowering records were maintained for the number of days to
the first open flowers in all treatments and the average number of
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flowers produced per plant determined for all variables at 62, 76,
and 97 days of age (table I). The average number of fruits per
plant over one inch in diameter were also recorded at the 76 and
97 day counts (table I). No attempt was made to hand pollinate
flowers or to accelerate fertilization in any other way except by the
experimental treatments involving TEPP and photoperiod. Hence,
fruit set was relatively low under the winter greenhouse conditions
of the experiment.
Table I
Effects of Tetraethyl Pyrophosphate Spray and Photoperiod Upon
Reproduction of Tomato.
Flowering
Variable

Days to
First Open
Flowers

Average Number Open
Flowers Per Plant
62 Days 76 Days 97 Days

Fruiting
Average No. Fruit
Per Plant Over
1 Inch Diameter
76 Days 97 DaJI

Short Day
Controls
300 ppm
500 ppm

68
65
62

0.0
0.0
0.7

5.5
7.5
8.0

6.3
8.0
9.0

0.7
1.2
0.5

1.3
2.0
0.9

Long Day
Controls
300 ppm
500 ppm

62
60
55

0.8
2.0
3.0

7.5
9.0
10.0

9.7
8.1
8.3

0.3
1.3
1.7

0.7
2.0
1.7

RESULTS

Although tomato is known to he indeterminate in its photoper·
iodic response, the data show (table I) that open flowers were first
visible in the untreated plants (controls) of the long day photo·
period at 62 days of age, whereas open flowers were not detected in
control plants of the short day photoperiod until 6 days later. The
time of anthesis of the treated plants of both photoperiods was
shortened compared to their respective controls in accord with pre·
vious results (Hall, 1951). The shortest time to open flowers occurred at the 500 ppm TEPP level in both daylengths and time to
visible flowering increased gradually with decreasing TEPP concentration (table I).
At the time of the first measurements at 62 days of age, the only
plants in the short day that had open flowers were the 500 ppm
sprayed plants and even their average number per plant was lower
than the controls of the long day. The number of open flowers of
the plants of the long day increased as the concentration of TEPP
increased. Between 62 and 76 days of age flowering was greatly
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accelerated in both photoperiods, but the. plants of the long day still
showed a higher average flower number per plant in all treatments
than did the comparable plants of the short day treatments. Flower
production increased progressively with increasing TEPP concentration, however, in both photoperiods at the 76 day old count.
By 97 days of age, flowering had decreased in the treated plants
of the long day, although flowering was still profuse in the untreated controls of this daylength. This indicated that under long
day conditions the TEPP treated plants reached their peak of flower
production much earlier than the untreated plants and the fruit
count at 76 days also confirmed that maturity in general was accelerated by treatment. Flowering in the short day plants at the
final count, however, followed the previous trend. The peak of
flower production in the short day was attained by the 500 ppm
TEPP sprayed plants at this time with an ave.rage of 9.0 flowers per
plant.
Fruiting at 76 days was highest in the 500 ppm treated plants of
the long day (table I). Under short day conditions the 500 ppm
level of TEPP definitely inhibited fruiting and this inhibition was
still evident at the. final determination at 97 days of age. Fruiting
of long day plants treated with 500 ppm TEPP also came to a standstill between 76 and 97 days of age. However, some slight stimulation in fruiting at the. 300 ppm TEPP level was manifested in plant;co
in both photoperiods.
DISCUSSION

The. data presented showed that TEPP has both a stimulatory
and inhibitory effect upon the reproduction of tomato and confirms
the results noted in previous work (Smith et. al., 1948a., 1948h;
Hall, 1951). The results also revealed that the effects of TEPP
were modified considerably by the photoperiod.
Mcilrath (1950) has shown that both light intensity and temperature are important factors in regulating the degree of formative
response induced by TEPP in cotton. He demonstrated that leaf
malformations were much more severe following the use of HETP
when the plants were grown under low light intensity and temperature conditions. The effects of low light intensity and temperature
were proposed by Mcilrath (1950) as a possible explanation for
the seasonal effect of HETP noted in his own and other work, and
in particular for the increased severity of symptoms appearing in
the greenhouse during the winter months when comparable light
and temperature conditions existed. The results of the present study
indicates that the photoperiodic aspect of the relative length of al-
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ternating light and dark periods should also be evaluated in explain·
ing the seasonal effect of TEPP. Using flowering and fruiting as the
index, identical concentrations of TEPP caused a greater quantitative
stimulation of both responses as well as hastened maturity under
long day conditions. Or stating this conversely reproduction was
inhibited more. by TEPP applications in the short daylength. This
suggests that the more adverse effects of TEPP observed during the
shorter days of winter may partially be attributed to daylength, although undoubtedly the hormonal and respiratory mechanism of the
plant in conjunction with photoperiod, are links in the same chain
instrumental in inducing the responses and all should be evaluated
in any critical consideration of the problem. In the previous work
(Hall, 1951) re.spiratory measurements supported by chemical
analyses disclosed that catabolism definitely was effected by TEPP.
The effects of TEPP upon anabolism, especially photosynthesis, however, were not investigated and are still unknown.
The economic implication of these organic phosphorus compounds
upon the practical production of tomato fruit, particularly in terms
of earliness of marketable fruit, is suggestive, although yet unde.termined. The effect of fruit setting sprays, as the chlorophenoxy
compounds, in combination with TEPP and HETP might also be
investigated to advantage in fie.Id tomato production.
SUMMARY

Tomato plants were grown in a fertile soil-compost mixture in the
greenhouse under contrasting diurnal photoperiods of 8 and 14
hours. At the first macroscopic flower-bud stage, one-third of thf!
plants in each photoperiod were sprayed with aqueous TEPP at
300 and 500 ppm, respectively, and the remaining unsprayed plants
served as controls.
The. results showed that TEPP shortened the days to flowering
somewhat in proportion to the concentrations employed, and with
the greatest acceleration occurring in the long daylength. The average number of flowers produced per plant was increased slightly
by the TEPP sprays in both photoperiods. Fruiting, however, was
inhibited at the 500 ppm level.
The importance of the photoperiod in explaining the. seasonal effect of TEPP, particularly in that more severe symptoms occur during the shorter days of winter, was shown by the results. The. possible economic aspect of these compounds in benefiting commercial
tomato production was also suggested and discussed.
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